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tibodies	 against	 T. gondii	 with	 an	 enzyme‐linked	 fluorescent	 assay,	 and	 evaluated	






Finnish	 veterinary	 profession,	 were	 included	 in	 the	 study.	 The	 median	 age	 was	










K E Y W O R D S
occupational	health,	raw	meat,	risk	factor,	small	animal	practice,	toxoplasmosis,	zoonotic	
infection
208  |     SIPONEN Et al.
1  | INTRODUC TION
Practising	veterinary	medicine	has	an	 inherent	 risk	of	exposure	 to	
numerous	zoonotic	agents.	Toxoplasma gondii	is	a	protozoan	parasite	
that	belongs	to	the	list	of	occupational	health	risks	of	veterinarians	
(Weese,	 Peregrine,	 &	 Armstrong,	 2002).	 The	 infection	may	 cause	
only	mild	 symptoms	and	 run	a	 subclinical,	 chronic	 course,	but	 the	
parasite	can	also	cause	ophthalmologic	manifestations	and	severe,	
even	 life‐threatening	disease,	 and	 it	 is	 infamous	 for	 the	damage	 it	
can	cause	to	unborn	children	(Montoya	&	Liesenfeld,	2004).	The	risk	






Toxoplasma gondii infection	 or	 exposure	 to	 the	 parasite	 has	
been	documented	in	numerous	animal	species	in	Finland,	including	
pet	animals	such	as	domestic	cats	(Jokelainen,	Simola,	et	al.,	2012;	
Must,	 Hytönen,	 Orro,	 Lohi,	 &	 Jokelainen,	 2017);	 domestic	 ani‐
mals	such	as	sheep	(Jokelainen	et	al.,	2010)	and	pigs	(Felin,	Jukola,	
Raulo,	 &	 Fredriksson‐Ahomaa,	 2015);	 semidomesticated	 reindeer	
(Rangifer tarandus tarandus)	 (Oksanen,	Åsbakk,	Nieminen,	Norberg,	
&	 Näreaho,	 1997)	 and	 farmed	 wild	 boars	 (Sus scrofa)	 (Jokelainen,	
Näreaho,	Hälli,	Heinonen,	&	Sukura,	2012);	and	 free‐ranging	wild‐
life	 such	as	moose	 (Alces alces),	 roe	deer	 (Capreolus capreolus)	 and	









Toxoplasma gondii	 infection	 can	 be	 detected	 serologically.	 The	





binomial	 logistic	 regression	model	 to	 identify	 risk	 factors	 that	 are	
particularly	relevant	for	veterinarians.
2  | MATERIAL S AND METHODS
2.1 | Ethics statement
The	study	was	approved	by	the	Ethic	Committee	of	Helsinki	University	





2.2 | Setting and study design




Our	 study	 was	 a	 cross‐sectional	 seroepidemiological	 study.	
Sampling	was	convenience	sampling,	the	sampling	frame	comprised	




Blood	 samples	were	 collected	 at	 the	Annual	Veterinary	Congress,	
which	was	held	 in	Helsinki	 from	28	October	 to	30	October	2009,	


















• Toxoplasma gondii seroprevalence	was	14.6%	in	veterinar‐
ians	in	Finland.
•	 A	 causal	 diagram	 approach	 was	 applied	 to	 identify	 risk	
factors	for	T. gondii	infection,	from	almost	1,300	quantita‐
tive	variables.





















dii‐seronegative	 or	 T. gondii‐seropositive.	 Out	 of	 almost	 1,300	 quan‐




The	 95%	 confidence	 intervals	 (CIs)	 were	 calculated	 using	







were	 run	 to	 all	 the	 variables	with	p‐value	<0.2	 from	cross‐tabu‐



















F I G U R E  1  Causal	diagram	for	plausible	risk	factors	for	Toxoplasma gondii seropositivity	in	veterinarians	in	Finland	[Colour	figure	can	be	
viewed	at	wileyonlinelibrary.com]
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TA B L E  1  Prevalence	of	anti‐Toxoplasma gondii	immunoglobulin	G	antibodies	in	veterinarians	(n	=	294)	in	Finland




<40 148 9.5 5.5–15.0 0.013*
≥40 146 19.9 14.0–26.9
Veterinary	authorization
In	the	2000s 139 10.1 5.9–15.9 0.063
Before	year	2000 152 17.8 12.3–24.4
Gender
Male 40 20.0 9.9–34.2 0.304
Female 254 13.8 10.0–18.4
History	of	zoonotic	disease
No 226 12.8 9.0–17.7 0.188
Yes 44 20.5 10.6–34.0
Small	animal	practice
Yes 207 13.0 9.0–18.1 0.329
No 86 17.4 10.6–23.2
Production	animal	practice
No 153 12.4 7.9–18.3 0.329
Yes 140 16.4 11.0–23.2
Equine	practice
No 195 12.8 8.7–18.0 0.299
Yes 98 17.3 10.9–25.7
Contact	to	pet	birds	at	work
No 160 16.9 11.7–23.2 0.176
Yes 133 11.3 6.7–17.5
Contact	to	reptiles	at	work
No 168 17.3 12.1–23.5 0.101
Yes 125 10.4 6.6–16.6
Investigation	of	bovine	diarrhoea	samples
No 158 11.4 7.1–17.0 0.093
Yes 136 18.4 12.6–25.5
Caesarean	sections	of	sheep/goats/camelids
No 209 11.5 7.7–16.3 0.019*
Yes 93 22.4 14.5–32.0
Meat	inspection	of	sheep/goats/camelids
No 214 12.1 8.3–17.0 0.052
Yes 80 21.3 13.4–31.1
Veterinary	procedures	to	cats	or	dogs
No 46 21.7 11.8–35.1 0.141
Yes 248 13.3 9.5–18.0
Living	in	the	countryside
No 210 10.5 6.9–15.2 0.003*
Yes 81 24.7 16.3–34.9
Owning	cat(s)	and	presence	of	wild	rodents	in	the	dwelling	house
No 229 12.7 8.8–17.4 0.048
Yes	(both) 61 23.0 13.8–34.6
(Continues)
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due	 to	 repeatedly	 equivocal	 serology	 result.	 Therefore,	 the	 final	
sample	size	for	the	statistical	analyses	was	294	veterinarians.





erinarians,	 yielding	 an	 apparent	 seroprevalence	estimate	of	14.6%	
(95%	CI:	10.9–19.0;	Table	1).
Based	 on	 cross‐tabulations,	 seven	 of	 the	 20	 variables	 ap‐




ing	 than	 among	 those	who	did	not	 (29.1%	and	8.7%,	 respectively,	
p	<	0.0025,	Bonferroni	correction	0.05/20;	Table	1).
The	 final	 multivariable	 binomial	 logistic	 regression	 model	
for	 T. gondii seropositivity,	 estimated	 using	 data	 of	 290	 of	 the	
veterinarians,	from	which	we	had	data	for	all	the	variables,	is	shown	
in	 Table	 2.	 The	model	 had	 one	 interaction	 term,	 and	 the	 variable	
“not	 doing	 small	 animal	 practice”	 acted	 as	 a	 confounder.	 In	 the	
model,	 logit(Y) = b0 + b1X1 + b2X2 + b3X3 + b4X4 + b5X5 + b6X6 + e; 
where e	represents	the	residual	value,	the	constant	b0	was	−2.885;	
b1	=	0.895,	 X1 =	age;	 b2	=	1.387,	 X2	=	living	 in	 the	 countryside;	
b3	=	−0.994,	X3	=	gender;	b4	=	−0.312,	X4	=	tasting	beef	during	cook‐
ing;	 b5	=	2.268,	 X5 = X3X4	=	gender	×	tasting	 beef	 during	 cooking;	
and b6	=	0.822,	X6	=	not	doing	small	animal	practice;	thus,	the	model	






area	under	 the	ROC	curve	was	0.779	 (95%	CI:	0.701–0.858),	 indi‐
cating	moderate	predictive	ability	(Greiner,	Pfeiffer,	&	Smith,	2000).	
The	sensitivity	of	 the	model	was	 low,	19.5%,	while	specificity	was	




No 203 12.3 8.3–17.4 0.069
Yes 87 20.7 13.2–30.1
Mushroom	picking	during	previous	5	years
No 61 8.2 3.2–17.0 0.172
Yes 215 15.8 11.4–21.1
Eating	raw	beef
No 217 11.5 7.8–16.3 0.013*
Yes 77 23.4 15.0–33.7
Tasting	beef	during	cooking
No 208 8.7 5.4–13.0 0.000**
Yes 86 29.1 20.3–39.2
Tasting	lamb/mutton	during	cooking
No 271 13.3 9.6–17.7 0.031*
Yes 23 30.4 14.8–50.7
Total 294 14.6 10.9–19.0
aData	on	some	variables	were	missing	for	some	veterinarians.	The	variables	are	shown	so	that	the	option	that	was	coded	as	“0”	for	the	models	is	men‐
tioned	first.	*Statistically	significant	difference,	p	<	0.05.	**Statistically	significant	difference,	p	<	0.0025	(Bonferroni	corrected)	




Age	≥40	years 2.446 1.107–5.405 0.027
Living	in	the	countryside 4.003 1.855–8.640 0.000
Female	gender 0.370 0.099–1.384 0.140




No	small	animal	practice 2.274 1.041–4.969 0.039
aThe	variables	were	dichotomous;	each	was	compared	with	the	opposite.	









was	 not	 included	 in	 the	model—while	 three	 reported	 eating	meat	
only	 well	 done	 and	 one	 was	 vegetarian.	 Excluding	 any	 of	 these	
would	not	have	changed	the	model	substantially,	except	the	OR	of	
the	interaction	term	“female	gender	×	tasting	beef	during	cooking”	










animal	practice	had	2.3	 times	higher	odds	 to	be	seropositive	 than	
those	who	did.	The	second	last	odds	ratio	(female	veterinarians	who	
tasted	beef	during	cooking	vs.	male	veterinarians	who	did	not	taste	
beef	during	cooking)	is	the	ratio	between	odds1 and	odds2 = e
logit(Y1)/







practice	 (e−2.885/(1	+	e−2.885)	=	0.0529;	 logit(Y)	=	−2.885	+	0.895*0	+	 
1.387*0	−	0.994*0	−	0.312*0	+	2.268*0*0	+	0.822*0	=	−2.885),	 
whereas	 the	 probability	 to	 be	 seropositive	was	 77%	 for	 a	 female	
veterinarian	who	was	 over	 40	years	 old,	 lived	 in	 the	 countryside,	
reported	 tasting	 beef	 during	 cooking	 and	 did	 not	 do	 small	 animal	
practice	 (e1.181/(1	+	e1.181)	=	0.7651;	 logit(Y)	=	−2.885	+	0.895*1	+	 
1.387*1	−	0.994*1	−	0.312*1	+	2.268*1*1	+	0.822*1	=	1.181).
4  | DISCUSSION
The	 proportion	 of	 veterinarians	 participating	 in	 this	 study	 who	




















foodborne	pathogen	of	major	 public	 health	 concern	 (FAO/WHO,	
2014),	 there	has	been	relatively	 little	epidemiological	 research	of	
this	 parasite	 as	 an	 occupational	 risk	 (Alvarado‐Esquivel,	 Estrada‐
Martínez,	 &	 Liesenfeld,	 2011;	 Alvarado‐Esquivel,	 Liesenfeld,	
Estrada‐Martínez,	 &	 Félix‐Huerta,	 2011;	 Alvarado‐Esquivel	 et	















al.,	 2003),	 was	 very	 similar	 to	 our	 estimate	 for	 Finland.	 By	 con‐
trast,	 a	more	 recent	 seroprevalence	 estimate	 for	 veterinarians	 in	
Estonia,	a	country	located	near	Finland,	was	46.2%	(n	=	158,	95%	
CI:	38.5–54.0,	Lassen	et	al.,	2016),	which	is	3‐fold	higher	than	our	










of	 the	 transmission	 routes	of	T. gondii.	Older	age	was	a	 significant	
risk	factor	for	seropositivity,	 indicating	that	the	infections	are	typ‐
ically	acquired	 infections,	and	the	other	risk	factors	suggested	dif‐
ferent,	 both	work‐related	 and	non‐work‐related	 infection	 sources.	
Of	the	risk	factors	 identified,	tasting	beef	while	cooking	is	an	eas‐
ily	avoidable	one,	and	one	that	should	be	known	to	the	profession.	
Tasting	meat	 during	 cooking	 and	 eating	 raw	or	 undercooked	beef	
were	also	among	 the	 risk	 factors	 identified	 in	 a	multicentre	 study	
among	 pregnant	 women	 (Cook	 et	 al.,	 2000).	 Our	 observation	 of	
doing	small	animal	veterinary	practice	appearing	as	a	protective	fac‐
tor	merits	further	investigation.
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The	study	population	included	almost	15%	of	the	target	popula‐
tion,	Finnish	veterinary	profession	 (Finnish	Veterinary	Association,	
2009).	 Majority	 of	 the	 participating	 veterinarians	 were	 women,	
which	 reflects	 the	 gender	 distribution	 in	 the	 profession	 (Finnish	
Veterinary	Association,	2009).	A	wide	age	range	and	a	wide	variety	
of	veterinary	work	were	represented.	However,	 the	sampling	took	
place	 at	 a	 single	 professional	 event	 and	 participation	 was	 volun‐
tary;	 thus,	 the	 veterinarians	who	 attended	 professional	 education	
events,	were	 interested	 in	 research	projects	or,	 in	particular,	were	



























While T. gondii is	 recognized	 as	 occupational	 health	 risk	 for	
veterinarians,	 in	 particular	 as	 a	 risk	 for	 unborn	 children	 of	 female	












stables	 (Teutsch,	 Juranek,	 Sulzer,	 Dubey,	 &	 Sikes,	 1979)	 and	 zoos	
(Dubey,	2010),	while,	for	example,	cat	shelters	and	small	animal	hos‐
pitals	with	domestic	cats	as	in‐patients	have	not	been	emphasized,	














CONFLIC T OF INTERE S TS
The	authors	declare	that	they	have	no	conflict	of	interest.
ORCID
Pikka Jokelainen  https://orcid.org/0000‐0002‐3035‐5094 
R E FE R E N C E S
Alvarado‐Esquivel,	 C.,	 Estrada‐Martínez,	 S.,	 &	 Liesenfeld,	 O.	 (2011).	
Toxoplasma gondii	 infection	 in	 workers	 occupationally	 exposed	
to	 unwashed	 raw	 fruits	 and	 vegetables:	 A	 case	 control	 sero‐
prevalence	 study.	 Parasites and Vectors,	 4,	 235.	 https://doi.
org/10.1186/1756‐3305‐4‐235
Alvarado‐Esquivel,	 C.,	 Liesenfeld,	 O.,	 Estrada‐Martínez,	 S.,	 &	 Félix‐
Huerta,	 J.	 (2011).	 Toxoplasma gondii	 infection	 in	 workers	 occupa‐
tionally	 exposed	 to	 raw	meat.	Occupational Medicine,	61,	 265–269.	
https://doi.org/10.1093/occmed/kqr032
Alvarado‐Esquivel,	 C.,	 Liesenfeld,	O.,	Márquez‐Conde,	 J.	 Á.,	 Cisneros‐
Camacho,	 A.,	 Estrada‐Martínez,	 S.,	 Martínez‐García,	 S.	 A.,	 …	
García‐Corral,	 N.	 (2008).	 Seroepidemiology	 of	 infection	 with	
Toxoplasma gondii	 in	waste	pickers	and	waste	workers	 in	Durango,	
Mexico.	 Zoonoses and Public Health,	 55,	 306–312.	 https://doi.
org/10.1111/j.1863‐2378.2008.01133.x
Alvarado‐Esquivel,	 C.,	 Liesenfeld,	 O.,	 Márquez‐Conde,	 J.	 Á.,	 Estrada‐




Alvarado‐Esquivel,	 C.,	 Pacheco‐Vega,	 S.	 J.,	 Hernández‐Tinoco,	 J.,	
Saldaña‐Simental,	 D.	 E.,	 Sánchez‐Anguiano,	 L.	 F.,	 Salcedo‐Jáquez,	
M.,	 …	 Guido‐Arreola,	 C.	 A.	 (2014).	 Lack	 of	 association	 between	
Toxoplasma gondii	 infection	 and	 occupational	 exposure	 to	 animals.	
European Journal Microbiology and Immunology,	4,	184–192.	https://
doi.org/10.1556/EUJMI‐D‐14‐00024
Brandon‐Mong,	 G.‐J.,	 Che	 Mat	 Seri,	 N.	 A.	 A.,	 Sharma,	 R.‐S.‐K.,	
Andiappan,	 H.,	 Tan,	 T.‐C.,	 Lim,	 Y.‐A.‐L.,	 &	 Nissapatorn,	 V.	 (2015).	
Seroepidemiology	 of	 toxoplasmosis	 among	 people	 having	 close	
contact	 with	 animals.	 Frontiers in Immunology,	 6,	 143.	 https://doi.
org/10.3389/fimmu.2015.00143
214  |     SIPONEN Et al.
Brown,	L.	D.,	Cai,	T.	T.,	&	DasGupta,	A.	 (2001).	 Interval	estimation	 for	
a	 binomial	 proportion.	 Statistical Science,	 16,	 101–117.	 https://doi.
org/10.1214/ss/1009213286




Dillman,	D.	A.,	Smyth,	J.	D.,	&	Christian,	L.	M.	(2014).	Internet, phone, mail, 
and mixed mode surveys: The tailored design method,	4th	ed.	Hoboken,	
NJ:	Wiley.
Dubey,	J.	P.	 (2010).	Toxoplasmosis of animals and humans,	2nd	ed.	Boca	
Raton,	FL:	CRC	Press.
FAO/WHO	[Food	and	Agriculture	Organization	of	the	United	Nations/
World	Health	Organization]	(2014).	Multicriteria‐based ranking for risk 
management of food‐borne parasites.	Microbiological	Risk	Assessment	
Series,	23.	Geneva,	Switzerland:	WHO.
Felin,	E.,	 Jukola,	E.,	Raulo,	 S.,	&	Fredriksson‐Ahomaa,	M.	 (2015).	Meat	
juice	serology	and	improved	food	chain	information	as	control	tools	
for	pork‐related	public	health	hazards.	Zoonoses and Public Health,	62,	
456–464.	https://doi.org/10.1111/zph.12174
Finnish	Veterinary	Association	(2009).	Toimintakertomus vuodelta 2009. 
[In	 Finnish].	 Retrieved	 from	 https://www.sell.fi/sites/default/files/
toimintakertomukset/toimkert_09.pdf.	Accessed	2018,	February	18.
Gold,	C.	T.	K.,	&	Beran,	G.	W.	(1983).	Occupational	hazards	to	pregnant	
veterinarians.	Iowa State University Veterinarian,	45,	55–60.
Greiner,	M.,	Pfeiffer,	D.,	&	Smith,	R.	D.	 (2000).	Principles	and	practical	
application	 of	 the	 receiver‐operating	 characteristic	 analysis	 for	 di‐
agnostic	tests.	Preventive Veterinary Medicine,	45,	23–41.	https://doi.
org/10.1016/S0167‐5877(00)00115‐X








prevalence	 and	 age‐specific	 risk	 factors	 for	 Toxoplasma gondii	 IgG	
antibodies	in	The	Netherlands	between	1995/1996	and	2006/2007.	
Epidemiology and Infection,	139,	 530–538.	 https://doi.org/10.1017/
S0950268810001044
Holec‐Gasior,	L.,	Stańczak,	J.,	Myjak,	P.,	&	Kur,	J.	(2008).	Occurrence	of	
Toxoplasma gondii	 specific	 antibodies	 in	 group	 of	 forestry	workers	
from	 pomorskie	 and	 warmińskomazurskie	 provinces.	 [In	 Polish].	
Wiadomości Parazytologiczne,	54,	231–236.
Ibrahim,	 B.	 B.,	 Salama,	 M.	 M.,	 Gawish,	 N.	 I.,	 &	 Haridy,	 F.	 M.	 (1997).	
Serological	 and	 histopathological	 studies	 on	 Toxoplasma gondii 
among	 the	workers	 and	 the	 slaughtered	animals	 in	Tanta	Abattoir,	
Gharbia	Governorate.	Journal of the Egyptian Society of Parasitology,	
27,	273–278.
Jokelainen,	 P.,	 Deksne,	 G.,	 Holmala,	 K.,	 Näreaho,	 A.,	 Laakkonen,	 J.,	
Kojola,	I.,	&	Sukura,	A.	(2013).	Free‐ranging	Eurasian	lynx	(Lynx lynx)	




hares	 in	 Finland:	 Proportional	mortality	 rate,	 antibody	 prevalence,	
and	 genetic	 characterization.	 Journal of Wildlife Diseases,	47,	 154–
163.	https://doi.org/10.7589/0090‐3558‐47.1.154
Jokelainen,	P.,	Näreaho,	A.,	Hälli,	O.,	Heinonen,	M.,	&	Sukura,	A.	(2012).	
Farmed	wild	boars	exposed	to	Toxoplasma gondii and Trichinella	spp.	
Veterinary Parasitology,	 187,	 323–327.	 https://doi.org/10.1016/j.
vetpar.2011.12.026
Jokelainen,	P.,	Näreaho,	A.,	Knaapi,	S.,	Oksanen,	A.,	Rikula,	U.,	&	Sukura,	
A.	 (2010).	 Toxoplasma gondii	 in	 wild	 cervids	 and	 sheep	 in	 Finland:	
North‐south	gradient	in	seroprevalence.	Veterinary Parasitology,	171,	
331–336.	https://doi.org/10.1016/j.vetpar.2010.04.008
Jokelainen,	P.,	&	Nylund,	M.	 (2012).	Acute	fatal	 toxoplasmosis	 in	three	
Eurasian	 red	 squirrels	 (Sciurus vulgaris)	 caused	 by	 genotype	 II	 of	
Toxoplasma gondii. Journal of Wildlife Diseases,	48,	454–457.	https://
doi.org/10.7589/0090‐3558‐48.2.454
Jokelainen,	 P.,	 Simola,	 O.,	 Rantanen,	 E.,	 Näreaho,	 A.,	 Lohi,	 H.,	 &	
Sukura,	 A.	 (2012).	 Feline	 toxoplasmosis	 in	 Finland:	 Cross‐sec‐
tional	 epidemiological	 study	 and	 case	 series	 study.	 Journal of 




2010	 and	 comparison	 with	 the	 past	 two	 decades.	 The American 
Journal of Tropical Medicine and Hygiene,	90,	1135–1139.	https://doi.
org/10.4269/ajtmh.14‐0013
Kantala,	 T.,	Kinnunen,	P.	M.,	Oristo,	 S.,	 Jokelainen,	P.,	Vapalahti,	O.,	&	
Maunula,	 L.	 (2017).	 Hepatitis	 E	 virus	 antibodies	 in	 Finnish	 vet‐




cross‐sectional	 study	 among	 military	 personnel	 in	 the	 Czech	
Republic. Clinical Microbiology and Infection,	13,	1012–1017.	https://
doi.org/10.1111/j.1469‐0691.2007.01771.x
Lappalainen,	 M.,	 Koskela,	 P.,	 Hedman,	 K.,	 Teramo,	 K.,	 Ämmälä,	 P.,	
Hiilesmaa,	 V.,	 &	Koskiniemi,	M.	 (1992).	 Incidence	 of	 primary	 toxo‐
plasma	infections	during	pregnancy	in	southern	Finland:	A	prospec‐




virus	in	veterinarians	in	Estonia.	Vector‐Borne and Zoonotic Diseases,	
17,	773–776.	https://doi.org/10.1089/vbz.2017.2122
Lassen,	B.,	 Janson,	M.,	Viltrop,	A.,	Neare,	K.,	Hütt,	 P.,	Golovjova,	 I.,	…	




veterinarians.	Scandinavian Journal of Work, Environment and Health,	
26,	501–506.	https://doi.org/10.5271/sjweh.574
Lings,	 S.,	 Lander,	 F.,	 &	 Lebech,	 M.	 (1994).	 Antimicrobial	 antibod‐
ies	 in	 Danish	 slaughterhouse	 workers	 and	 greenhouse	 workers.	
International Archives of Occupational and Environmental Health,	65,	
405–409.	https://doi.org/10.1007/BF00383252
Montoya,	 J.	 G.,	 &	 Liesenfeld,	 O.	 (2004).	 Toxoplasmosis.	 Lancet,	 363,	
1965–1976.	https://doi.org/10.1016/S0140‐6736(04)16412‐X
Must,	 K.,	 Hytönen,	 M.	 K.,	 Orro,	 T.,	 Lohi,	 H.,	 &	 Jokelainen,	 P.	 (2017).	
Toxoplasma gondii seroprevalence	varies	by	cat	breed.	PLoS ONE,	12,	
e0184659.	https://doi.org/10.1371/journal.pone.0184659
Nogareda,	 F.,	 Le	 Strat,	 Y.,	 Villena,	 I.,	 De	Valk,	H.,	 &	Goulet,	 V.	 (2014).	
Incidence	and	prevalence	of	Toxoplasma gondii	 infection	 in	women	
in	 France,	 1980–2020:	 Model‐based	 estimation.	 Epidemiology 
and Infection,	 142,	 1661–1670.	 https://doi.org/10.1017/
S0950268813002756
Nowotny,	N.,	Deutz,	A.,	 Fuchs,	K.,	 Schuller,	W.,	Hinterdorfer,	 F.,	Auer,	
H.,	 &	 Aspöck,	 H.	 (1997).	 Prevalence	 of	 swine	 influenza	 and	 other	






Reijula,	 K.,	 Bergbom,	 B.,	 Lindbohm,	 M.‐L.,	 &	 Taskinen,	 H.	 (2005).	
Eläinlääkärin työterveys.	[In	Finnish].	Helsinki,	Finland:	Työterveyslaitos.
     |  215SIPONEN Et al.




Cross‐sectional	 analysis	 of	 the	 seropositivity	 and	 risk	 factors	 of	
Toxoplasma gondii infection	among	veterinarians,	in	relation	to	their	
public	 professional	 activities.	 Veterinary Parasitology,	 203,	 29–34.	
https://doi.org/10.1016/j.vetpar.2014.01.001
Sergeant,	E.	S.	G.	(2017).	Epitools epidemiological calculators.	Ausvet	Pty	
Ltd.	 Retrieved	 from	 http://epitools.ausvet.com.au.	 Accessed	 2018,	
February 18.
Seuri,	M.,	&	Koskela,	P.	(1992).	Contact	with	pigs	and	cats	associated	with	
high	 prevalence	 of	 Toxoplasma	 antibodies	 among	 farmers.	 British 
Journal of Industrial Medicine,	49,	845–849.	https://doi.org/10.1136/
oem.49.12.845
Shuhaiber,	 S.,	 Koren,	 G.,	 Boskovic,	 R.,	 Einarson,	 T.	 R.,	 Soldin,	 O.	 P.,	 &	
Einarson,	A.	 (2003).	 Seroprevalence	of	Toxoplasma gondii	 infection	
among	 veterinary	 staff	 in	 Ontario,	 Canada	 (2002):	 Implications	
for	 teratogenic	 risk.	 BMC Infectious Diseases,	 3,	 8.	 https://doi.
org/10.1186/1471‐2334‐3‐8
Siponen,	A.‐M.	(2016).	Eläinlääkärit ja Toxoplasma gondii – Seroprevalenssi 
ja riskitekijät Suomessa.	 [In	 Finnish].	 Licentiate	 thesis.	University	 of	
Helsinki,	Finland.





ders	in	the	Finnish	general	population.	Journal of Affective Disorders,	
223,	20–25.	https://doi.org/10.1016/j.jad.2017.07.020
Teutsch,	S.	M.,	Juranek,	D.	D.,	Sulzer,	A.,	Dubey,	J.	P.,	&	Sikes,	R.	K.	(1979).	
Epidemic	 toxoplasmosis	 associated	 with	 infected	 cats.	 The New 
England Journal of Medicine,	300,	695–699.	https://doi.org/10.1056/
NEJM197903293001302
Textor,	J.,	Hardt,	J.,	&	Knüppel,	S.	 (2011).	DAGitty:	A	graphical	tool	for	
analyzing	 causal	 diagrams.	 Epidemiology,	 5,	 745–751.	 https://doi.
org/10.1097/EDE.0b013e318225c2be
The	Social	 Insurance	 Institution	of	Finland	 (2017).	Special maternity al‐
lowance.	 Retrieved	 from	 http://www.kela.fi/web/en/special‐mater‐
nity‐allowance.	Accessed	2018,	February	18.
Tizard,	I.	R.,	&	Caoili,	F.	A.	(1976).	Toxoplasmosis	in	veterinarians:	An	in‐




notic	diseases.	The Canadian Veterinary Journal,	43,	799–802.
Zimmermann,	W.	 J.	 (1976).	Prevalence	of	Toxoplasma gondii	 antibodies	
among	veterinary	college	staff	and	students,	 Iowa	state	university.	
Public Health Reports,	91,	526–532.




with	seropositivity.	Zoonoses Public Health. 2019;66:207–215. 
https://doi.org/10.1111/zph.12550
